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(54) PLASMA PROCESSING DEVICE 

(57)Abstract: 

PURPOSE: To provide a plasma processing device having the surface of a fine hole 
sufficiently covered with a ceramic material even in the case of the formation of the 
hole through a high-frequency electrode, and having the capability of ensuring freedom 
from the contamination of film forming atmosphere, as well as forming a film having 
excellent characteristics. 

CONSTITUTION: Regarding a plasma processing device equipped with the 
high-frequency electrode where at least a section of metal exposed to a plasma is 
covered with a ceramic material, a gas discharge amount from the electrode is set 
between 10-8 Torr.L/sec. and 10-6 Torr.L/sec, or less. Furthermore, regarding the 
plasma etching device equipped with the high frequency electrode where at least a 
section of metal exposed to a plasma, the ceramic material is a sintered ceramic 
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CLAIMS 



[Claim(s)] 

[Claim 1] Plasma treatment equipment characterized by the metaled part exposed to 
the plasma at least making the amount of gas evolutions from this RF electrode less 
than [ 10-8 Torr-L/sec-1 0-6 Torr-L/sec ] in the plasma treatment equipment which 
has the RF electrode which it comes to cover by ceramic material. 
[Claim 2] Said ceramic material is plasma treatment equipment according to claim 1 
characterized by being sintering ceramic material. 

[Claim 3] It is plasma treatment equipment characterized by this ceramic material 
being sintering ceramic material in the plasma treatment equipment which has the RF 
electrode with which it comes to cover the metaled part exposed to the plasma at 
least by ceramic material. 

[Claim 4] Said ceramic material is plasma treatment equipment according to claim 3 
characterized by being an alumina or a zirconium dioxide. 

[Claim 5] Said metal is plasma treatment equipment according to claim 3 or 4 
characterized by being a tungsten or molybdenum. 

[Claim 6] Claim 3 characterized by forming the detailed hole in said RF electrode 
thru/or plasma treatment equipment of five given in any 1 term. 
DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to plasma treatment equipment. 
[0002] 

[Description of the Prior Art] As plasma treatment equipment, the thing using the 
electrode which comes to coat a surface of metal by carrying out thermal spraying of 



the ceramic material, such as an alumina, as an RF electrode is known conventionally. 
[0003] However, when membranes were formed using conventional plasma treatment 
equipment, there was a limitation in the property of the film which formed membranes. 
For example, about the insulator layer, 8 MV/cm was limitations as withstand voltage. 
[0004] Moreover, although the hole where a gas injection tip etc. is detailed is formed 
in an RF electrode in many cases, it is difficult to coat with thermal spraying to the 
inside of this detailed hole. Therefore, the inside of this hole was attacked by the 
plasma and caused [ of the membrane formation ambient atmosphere ] contamination. 
[0005] 

[Problem(s) to be Solved by the Invention] This invention aims at offering the plasma 
treatment equipment which can form the film which has the outstanding property. 
[0006] Even if the detailed hole is formed in the RF electrode, the front face of the 
hole is also fully covered with the ceramic, and this invention aims at offering the 
plasma treatment equipment which does not pollute a membrane formation ambient 
atmosphere. 
[0007] 

[Means for Solving the Problem] The 1st summary of this invention exists in the 
plasma treatment equipment metal with which the metaled part exposed to the 
plasma at least is characterized by making the amount of gas evolutions from this RF 
electrode into less than [ 10-8 Torr-L/sec-1 0-6 Torr-L/sec ] in the plasma 
treatment equipment which has the RF electrode which it comes to cover by ceramic 
material. 

[0008] The 2nd summary of this invention exists in the plasma treatment equipment 
characterized by said ceramic material being sintering ceramic material in the 1st 
summary. 

[0009] In the plasma treatment equipment with which the 3rd summary of this 
invention has the RF electrode with which it comes to cover the metaled part 
exposed to the plasma at least by ceramic material, this ceramic material exists in 
the plasma treatment equipment characterized by being sintering ceramic material. 
[0010] The 4th summary of this invention exists in the plasma treatment equipment 
characterized by said ceramic material being an alumina or a zirconium dioxide in the 
3rd summary. 

[0011] The 5th summary of this invention exists in the plasma treatment equipment 
characterized by said metal being a tungsten or molybdenum in the 3rd summary or 
4th summary. 

[0012] The 6th summary of this invention exists in the plasma treatment equipment 



characterized by forming the detailed hole in said RF electrode in the 3rd thru/or the 

5th summary. 

[0013] 

[Function] It explains with the knowledge which acquired an operation and the 
example of an embodiment of this invention on the occasion of the following to make 
this invention. 

[0014] Although membrane formation of the semi-conductor film and the various film 
of an insulator layer and others is performed by plasma treatment equipment In order 
to attain the outstanding property (for example, withstand voltage high in the case of 
an insulator layer, mobility high in the case of the semi-conductor film) The high 
impurity concentration of material gas is controlled even on ppb level, and an 
ingredient with few amounts of gas evolutions from the front face (for example, 
stainless steel which has the oxidation passive state film which becomes more about 
a chromic-acid ghost on a front face) constitutes the wall of the membrane 
formation room of plasma treatment equipment, and high impurity concentration is 
made to reduce as much as possible. 

[0015] Thus, in spite of having made high impurity concentration reduce as much as 
possible, the film of the property excellent in conventional plasma treatment 
equipment was not able to be formed. 

[0016] this invention person searched for the cause. Consequently, it found out that 
the gas evolution from an RF electrode was the big cause. And a more important 
thing is having carried out the knowledge of improvement in a property being rapidly 
accepted bordering on 10-6 Torr-L/sec. That is, the critical-like meaning is 
accepted in 10-6 Torr-L/sec, and the film which has the property which was 
excellent by considering as 10 to 6 or less Torr-L/sec can be formed. 
[0017] In addition, the amount of gas evolutions of 10 to 7 or less Torr-L/sec 
decreases further, and is desirable. 

[0018] On the other hand, effectiveness (for example, withstand voltage) is saturated 
bordering on 5x10-8 Torr-L/sec. Therefore, let 5x10-8 Torr-L/sec be a minimum 
from an economical viewpoint. 

[0019] (Claim 2 and claim 3) When wholeheartedly searched for a means to make a 
gas evolution reduce, it found out that there were few amounts of gas evolutions 
farther as ceramic material which covers a metal than the thermal-spraying ceramic 
of the former [ ceramic / sintering ]. 

[0020] That is, in this invention, ceramic material could be written as sintering 
ceramic material, and could reduce the emission capacity from an RF electrode more 



remarkably than before, and the membrane formation of the film with a good property 
of it was attained. 

[0021] The reason with it is not clear in a sintering ceramic. [ than a 
thermal-spraying ceramic ] [ less / emission capacity is remarkable and ] However, it 
is presumed as follows. That is, it is thought that **** exists in the front face if the 
front face of the conventional thermal-spraying ceramic is observed minutely, the 
**** serves as a haunt of impurity gas, and it becomes a source of emission gas. To 
it, such **** does not exist in the front face of a sintering ceramic, therefore 
emission capacity is considered to be things fewer than a thermal-spraying ceramic. 
[0022] Although a sintering ceramic is a ceramic formed through the sintering 
process, as the sintering approach, the HP method (pressure-sintering method), the 
SPS method (discharge plasma sintering process), and the HIP method (isostatic 
pressing compression sintering process) are raised, for example. By the HP method, 
the emission capacity of the level of 10-9 Torr-L/sec can be attained in the level of 
10-8 Torr-L/sec, and the HIP method by the level of 10-7 Torr-L/sec, and the SPS 
method. 

[0023] (Claim 4) Although especially the class of ceramic in invention of claim 1 or 
claim 3 is not limited, an alumina and especially a zirconium dioxide (or zirconia) are 
desirable. It becomes there is little mixing of the impurity from an electrode 
compared with other ceramics, and possible for them, since the alumina and the 
zirconium dioxide are excellent in corrosion resistance and a plasma-proof property 
membranous to form [ which has the more excellent property ] membranes. 
[0024] (Claim 5) Hastelloy (trademark) is used for the metal of the conventional RF 
electrode. However, since sintering of a sintering ceramic was performed to the 
bottom of high pressure and an elevated temperature, when Hastelloy was used, it 
became clear that it was accompanied by generating of a crack in many cases. Since 
generating of this crack can be effectively prevented when a tungsten, a tantalum, or 
molybdenum is used, it is desirable. 

[0025] (Claim 6) It is as having mentioned above that it is difficult to coat with a 
ceramic the inside of the hole where a gas injection tip etc. is detailed in the case of 
a thermal-spraying ceramic. 

[0026] The sintering ceramic shown in invention of claim 3 to it is [ as opposed to / 
especially / the RF electrode which has a detailed hole ] effective. 
[0027] Namely, what is necessary is to make the larger hole (a+alpha) than the path 
(a) of the detailed hole determined on the design in the metaled position (location 
corresponding to the hole where an injection tip etc. is detailed), and just to make a 



detailed hole in a position in the magnitude of (a) with laser etc. after sintering. 

Thereby, even if it is a hole minutely, the sintering ceramic of (alpha/2) of thickness 

can be formed in the inside. The sintering ceramic of thickness which he wishes since 

it is not limited to the magnitude of alpha here can be formed in the inside of a 

detailed hole. 

[0028] 

[Example] 

(Example 1) 30cm around and the plate made from a tungsten (W) of 5mm of board 
thickness were prepared. Surface roughness of this metal plate was taken as 
Ra30nm. 

[0029] The hole of the diameter of 3mm was formed in this plate by punching 
( drawing 1 (a)). 

[0030] This plate has been arranged with alumina (aluminum 203) powder in a mold, 
as shown in drawing 1 (b). The thing of the mean particle diameter of 100 
micrometers and 99.9% of purity was used for powder. 

[0031] next, it is shown in drawing 1 (c) — as — HP — in high pressure and an 
elevated temperature, it sintered by law. The pressure was made to 30MPa(s), 
temperature was made into 1500 degrees C, and sintering time amount was made 
into 2 hours. 

[0032] As shown in drawing 1 (d), the electrode was picked out from the mold, and 
sintering termination also made the hole for RF power application by laser, while 
making the hole for gas injection (diameter of 0.3mm) with laser between the holes 
formed by punching. 

[0033] When about ten RF electrodes were produced as mentioned above and the 
gas-evolution property was investigated about this RF electrode, it was about 10-6 - 
5x10-7 Torr-L/sec. 

[0034] This RF electrode was incorporated and plasma treatment equipment was 
produced. The stainless steel which has the passive state film which consists of a 
chromic-acid ghost on a front face constituted the wall of the membrane formation 
room of plasma treatment equipment, and emission capacity from the wall was made 
into 10-8 - 10-7 Torr-L/sec. The silicon nitride film was formed by the plasma-CVD 
method using this plasma treatment equipment. In addition, at that time, high impurity 
concentration in material gas was made below into the number ppb, and performed 
the batch purge using nitrogen gas before membrane formation. 

[0035] When the withstand voltage of the silicon nitride film which formed 
membranes was measured, withstand voltage was 8.0 - 9.0 MV/cm. 



[0036] (Example 2) In this example, sintering was performed using the SPS method. 
Other points presupposed that it is the same as that of an example 1. 
[0037] The gas-evolution property was 5x10-7 - 5x10-8 Torr-L/sec. Moreover, 
withstand voltage was 9.0 - 9.5 MV/cm. 

[0038] (Example 3) In this example, sintering was performed using the HIP method. 
Other points presupposed that it is the same as that of an example 1. 
[0039] The gas-evolution property was 5x10-8 - 5x10-9 Torr-L/sec. Moreover, 
withstand voltage was 9.5 - 10.0 MV/cm. 

[0040] The result of the withstand voltage measured in the example 1 - the example 
3 to drawing 2 is shown collectively. Withstand voltage is improving rapidly bordering 
on 10-6 Torr-L/sec like [ it is ****** and ] from drawing 2 . Moreover, withstand 
voltage is saturated bordering on 5x10-8 Torr-L/sec. 

[0041] (Example 4) the RF electrode shown in drawing 3 (a) by this example — the 
same conditions as an example 1 — HP — it produced by law. This RF electrode fits 
in or pastes up a metal body on a concave ceramic object. 

[0042] First, after producing a concave ceramic by sintering, this ceramic and a 
molybdenum (Mo) metal plate were pasted up using adhesives SERASETTO SN 
(trademark). 

[0043] Gas-evolution properties were 5x10-6 - x10-7 Torr-L/sec. Moreover, 
withstand voltage was 8.0 - 9.0 MV/cm. 

[0044] (Example 5) In this example, the RF electrode shown in drawing 3 (b) - (d) was 
produced. Producing the ceramic by the HP method, the metal used the tungsten. 
The production procedure of an electrode presupposed that it is the same as an 
example 1. 

[0045] As shown in drawing 3 (b) and (c), in order to lower the difference of the 
thermal expansion of a ceramic and a metal, the hole of a metal plate is processible 
into various configurations. Moreover, as shown in drawing 3 (d), a network type thing 
can be produced with metal yarn, and it can also substitute for a metal plate. 
[0046] 

[Effect of the Invention] 

(Claim 1) According to invention concerning claim 1, the membranous membrane 
formation which has the outstanding property (withstand voltage is 8.0 or more 
MV/cm) is attained. 

[0047] (Claim 2 and claim 3) It becomes possible according to invention concerning 
claim 2 and claim 3 to make the amount of gas evolutions from an RF electrode 
reduce more remarkably than before, and it is **** for membrane formation of the 



film with a good property to be possible. 

[0048] (Claim 4) Compared with other ceramics, it is few, and the membranous 
membrane formation of mixing of the impurity from an electrode which has the more 
excellent property is attained. 

[0049] (Claim 5) Generating of the crack in an RF electrode can be prevented 
effectively. 

[0050] (Claim 6) The inside of the hole where a gas injection tip etc. is detailed has 
with the ceramic the RF electrode by which coating was carried out easily and 
certainly, and can apply especially effective in a CVD system etc. 
[Brief Description of the Drawings] 

[Drawing 1] It is process drawing showing the example of a production process of an 
RF electrode. 

[Drawing 2] It is the graph which shows the relation between emission capacity and 
withstand voltage. 

[Drawing 3] It is the conceptual diagram showing the RF electrode concerning an 
example. 
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[Drawing 1] 
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[Drawing 2] 
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[Drawing 3] 




[Translation done.] 



